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LISST-SL, SSC, and ADCP
Data Analysis and Surrogate Testing

* Field Testing in Washington and lllinois
— LISST-SL and SSC comparisons

— SSC estimation from down-looking acoustic
Doppler current profilers using an acoustic
backscatter calibration procedure and MATLAB-
based tool
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LISST-SL Isokinetic Sampler

StreamLined (SL) version of the Laser In-Situ Scattering and Transmissometry (LISST)

® Suspended-
sediment Power & communication port
concentration j S
10-3,000 mg/
® Particle-size
distribution
2-381 um
32 classes
® Velocity |
0-8 m/s i?;?(ge Weight ~35 Ibs
® Depth
0.15-30 m
® Temperature Source: Sequoia Scientific, Inc.

Pitot tube




Principles of Operation

Ring Detector

Laser and
Collimating Optics

Transmitted Power
Sensor

Sample Volume Receive Lens

Source: LISST-SL User’s Guide, Sequoia Scientific, Inc.



Topside Control Box

Weather-proof
container

_LISST-SL s FQUOTA ..

Lithium-ion
batteries (24 V)

Touch-screen
display menu

Communication

& battery rechargeg Connector port

__— to B-reel/
j_'-él‘;f LISST-SL

ISST-SL
INTERFACE AND POWER PACK

Power on/off



Data Example

Laser In-Situ Scattering and Transmissometry (LISST)

Particle Size Distribution Cumulative Concentration 100

percent

27 380 2 27
microns microns

Sample Number: 21
Mean (u): 27.68 s L A

Total Mass Conc (mg/l): 44578
Assumed density = 2 65

Sequoia Scientific, Inc.

nnia Qriantifie Ine

00 Interval [Sec)

Provisional data subject to revision



Typical Boat Setup




Typical Bridge Setup




Washington — Added Weight Mount




Sample Parameter Ranges
20 IL and WA datasets

— Over 250 samples at 16 sites

Concentration
— 12 —-2,170 mg/L (from physical samples analyzed at lab)

Velocity
— 1.1-7.6ft/s

Depth
— 2-30ft

Provisional data subject to revision



Physical Sample and Laboratory Analysis Inventory

LISST-SL Testing:
>250 samples
>130 Sand/Fine Split
>60 Full Particle Size
23 Pycnometer
5 Loss of Ignition

Labs Used:
Kentucky Lab

» Pipette

CVO Lab

« SediGraph/Sieve
 Pycnometer

« Digital Imaging




LISST-SL Data Processing

Over 1,000 Files on LISST-SL Topside Controller Box
-Solution: MATLAB programs to view and process

Point Sample Example

Current file: R1160408.asc

Data file
| Previous

Next

.

2 2
e : 5 10 10.5 "
3 Mean Diameter (microns)
Save

Delete

175

', 1800 2
Highlight Point \ 04:10:00 1800 1850 1900 1950

Concentration (mg/L)

Depth (ft)
Concentration (mg/L)

iRemove Point | 18

| Rm0 Conc |

185
[ Rmover |

~

1.9

@

Velocity (ft/s)

Removed Points 29
Percent Removed 58

1.95 L 3 04:10:00 6 7
04:09:15 04:09:30 Velocity (ft/s)

Sediment Density (g/mL)
Mean Concentration (mg/L)
% Finer Than Sand
Average Optical Transmission
Average Velocity
Sample Duration

Percent Finer

7 2
435 61.6 381 04:10:00 0284 0285 0.286 0.287 0.288
Diameter (microns) Optical Transmission

Mouse Click on Plotted Data




LISST-SL Data Processing

Single Vertical Sample Example

viewData

Data file
: Previous |

Next |
Refresh ‘

Save

Delete

o
Highlight Point

; Remove Point |

3 Rm 0 Conc |

RmO Vel |

Removed Points 7
Percent Removed 9.21

1
16?58:00 10:59:00
Sediment Density (g/mL)
Mean Concentration (mg/L)
% Finer Than Sand 9
Average Optical Transmission 0.95066
Average Velocity 3.9317
Sample Duration 02:20

Percent Finer

J
11:01:00

435 616 381
Diameter (microns)

Depth (ft)

20
10:58:00 10:59:00 11:00:00 11:01:00

Concentration {mg/L)

Velocity (ft/s)

12

10

8
6

Current file: R1301058.asc

\\\g/ /

Time

0
:58:00 10:59:00 11:00:00 11:01:00

Time

0
0:55:

11:00:00
Time

11:05:00

4
10:55:00

11:00:00
Time

11:05:00

Depth (ft)

Depth (ft)

14 18
Mean Diameter (microns)

100
Concentration (mg/L)

2 4
Velocity (ft/s)

095 0955 096 0.965
Optical Transmission

Time: 10:59:42
Depth (ft): 15.4395




Example Data at Kickapoo Bloomington

B Pump Sample
EWI Samples
X Point Sample

Single Vertical

2,000

—Flow

FLOW (ft3/s)

—
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[+14]
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Q
(8

=
o
=1
o

|
0

04/22/201109:21  04/22/2011 11:45  04/22/201114:09  04/22/2011 16:33 04/22/2011 18:57  04/22/2011 21:21

Provisional data subject to revision




Example Data at Kickapoo Bloomington

y =1.209x - 349.78
R?=0.9787
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Mass Concentration (mg/L)

Provisional data subject to revision



Example Data at Kickapoo Bloomington

ADVM and ADCP
Sediment Corrected Backscatter

e ADCP (down-looking) 1200 kHz
= ADVM (up-looking) 3000 kHz

V = 7E_17x10.28?
RZ=0.9673

y = 2E-20x177
R*= 0.9969
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Mean Sediment Corrected Backscatter (dB)

Provisional data subject to revision



Example Data at Kickapoo Bloomington

Kickapoo Creek near Bloomington, IL 4/22/2011

e Black vertical lines
indicate single vertical
mass concentration
from a physical sample

Depth (ft)

Green triangles
Indicate average
LISST-SL conc
at a given depth

1000 1500 2000 .
Provisional data

subject to revision

Concentration (mg/L)



Example Data at Kickapoo Bloomington

Kickapoo Creek near Bloomington, IL 4/22/2011

—
E
-
)
Q.
Q
o

Navy diamonds
indicate point

mass concentration
from a physical sample

Blue circles indicate
LISST-SL volumetric
concentrations

1000 1500 2000 2500 L.

Provisional data

Concentration (mg/L) subject to revision




Example Data at Kickapoo Bloomington

y =1.209x - 349.78
R?=0.9787
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Provisional data subject to revision



IL Concentration Results

B SALT FORK NEAR ST. JOSEPH, IL
VERMILION RIVER NEAR DANVILLE, IL

X KICKAPOO CREEK NEAR MATTOON, IL

 LITTLE WABASH RIVER BELOW CLAY CITY, IL
ILLINOIS RIVER AT CHILLICOTHE, IL
SENACHWINE CREEK AT CHILLICOTHE, IL
SANGAMON RIVER AT MONTICELLO, IL
KICKAPOO CREEK NEAR BLOOMINGTON, IL
KICKAPOO CREEK AT WAYNESVILLE, IL
ILLINOIS RIVER AT MEREDOSIA, IL

# ILLINOIS RIVER AT VALLEY CITY, IL
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Provisional data subject to revision




IL Concentration Results

B SALT FORK NEAR ST. JOSEPH, IL
VERMILION RIVER NEAR DANVILLE, IL

X KICKAPOO CREEK NEAR MATTQON, IL

{_LITTLE WABASH RIVER BELOW CLAY CITY, IL
ILLINOIS RIVER AT CHILLICOTHE, IL
SENACHWINE CREEK AT CHILLICOTHE, IL
SANGAMON RIVER AT MONTICELLO, IL
KICKAPOO CREEK NEAR BLOOMINGTON, IL
KICKAPOO CREEK AT WAYNESVILLE, IL
ILLINOIS RIVER AT MEREDOSIA, IL
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Provisional data subject to revision



IL and WA Concentration Results

B SALT FORK NEAR ST. JOSEPH, IL
VERMILION RIVER NEAR DANVILLE, IL

> KICKAPOO CREEK NEAR MATTOON, IL

« LITTLE WABASH RIVER BELOW CLAY CITY, IL
ILLINOIS RIVER AT CHILLICOTHE, IL

-+ SENACHWINE CREEK AT CHILLICOTHE, IL

=SANGAMON RIVER AT MONTICELLO, IL
KICKAPOO CREEK NEAR BLOOMINGTON, IL

# KICKAPOO CREEK AT WAYNESVILLE, IL
ILLINOIS RIVER AT MEREDOSIA, IL

4 ILLINOIS RIVER AT VALLEY CITY, IL
PUYALLUP RIVER AT PUYALLUP, WA

> WHITE RIVER NEAR SUMNER, WA

K NOOKSACK RIVER AT FERNDALE, WA
COWLITZ RIVER AT CASTLE ROCK, WA
ELWHA RIVER AT DIVERSION NEAR PORT ANGELES, WA
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Provisional data subject to revision




IL and WA Concentration Results

10,000
B SALT FORK NEAR ST. JOSEPH, IL

VERMILION RIVER NEAR DANVILLE, IL
% KICKAPOO CREEK NEAR MATTOON, IL
¢ LITTLE WABASH RIVER BELOW CLAY CITY, IL
ILLINOIS RIVER AT CHILLICOTHE, IL
+ SENACHWINE CREEK AT CHILLICOTHE, IL
- SANGAMON RIVER AT MONTICELLO, IL
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# KICKAPOO CREEK AT WAYNESVILLE, IL
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# ILLINOIS RIVER AT VALLEY CITY, IL 67% Fines
PUYALLUP RIVER AT PUYALLUP, WA 4
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COWLITZ RIVER AT CASTLE ROCK, WA
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Provisional data subject to revision



IL and WA Concentration Results

y = 1.0634x0-2476
R?=0.9481
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Provisional data subject to revision



IL and WA Concentration Results

M SALT FORK NEAR ST. JOSEPH, IL
VERMILION RIVER NEAR DANVILLE, IL
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Provisional data subject to revision
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Cowlitz River 3/26/12
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IL Concentration Results

Laboratory LISST-SL
Concentration | Concentration
(Mass Conc) (Vol Conc)?

Statistic (mg/L) (pl/L)

Minimum 18 17
Maximum 2170 1994
Average 557 448
Samples Used 163 163

1 Volumetric concentration in this table is not adjusted for unmeasured fraction (percent of
physical sample mass less than 2 microns and greater than 381 microns). The
unmeasured fraction ranged from 32 to 65 percent for 25 samples analyzed.

Provisional data subject to revision



WA Concentration Results

Laboratory LISST-SL
Concentration | Concentration
(Mass Conc) (Vol Conc)?

Statistic (mg/L) (pl/L)

Minimum 12 7
Maximum 2054 4892
Average 242 296
Samples Used 93 93

1 Volumetric concentration in this table is not adjusted for unmeasured fraction (percent of
physical sample mass less than 2 microns and greater than 381 microns).

Provisional data subject to revision



Percent Finer than Sand

IL

WA

Percent

finer than
Statistic 0.0625 mm
Minimum 68
Maximum 100
Average 92
Samples Used 102

Percent

finer than
Statistic 0.0625 mm
Minimum 3
Maximum 91
Average 43
Samples Used 54

Provisional data subject to revision



Pycnometer (Density) Testing

IL
Density
Statistic (g/ml)
Minimum 2.56
Maximum 2.72
Average 2.64
Samples Used 17

WA
Density
Statistic (g/ml)
Minimum 2.68
Maximum 2.85
Average 2.75
Samples Used 6

Provisional data subject to revision



Percent Finer

- 199% Fr?/ o

e MaSS
—— \olumetric

Adjusted Volumetric

Partide Size (um)

* 87% Fines

—t—Mass
il \/Oolumetric

Adjusted Volumetric

Partide Size (um)

D

» 73% Fines

77

—t— Mass

~—— Volumetric
Adjusted Volumetric

IL
Data

Comparison of
particle-size
distributions for
three sites with
a broad range of
percent finer
than 0.0625 mm
and
unmeasured
LISST-SL
fraction.

Provisional data
subject to revision



WA
Particle

—fl—Laboratory Measurements
LISST-5L Measurements

10% Fines

I
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ot
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=1

10 100

Particle Size in micrometers

Provisional data subject to revision



Concnetration fmg/L or /L) Concnetration {mg/L or /L)

Concnetration (mg/L or pl/L}

100

99% Fines

® Mass

W Volumetric

‘LJJJ_

5-32 32615 625125 125250 250-500

Particle Size [pm)

87% Fines

m Mass

m Volumetric

‘ ‘IILLL

5-32 324625 625125 125250 250-500

Particle Size (um)

| Mass

73% Fines

® Volumetric

i

5-32 32615 625125 125250 250-500

Particle Size [pm)

Pereent Firer

Percent Finers

Percent Finer

—— flass
—— Volumetric
Adjusted Volumetric

10 100

Particle Size [um)

n—n—n

——Mass
—E—Valumetric
Adjusted Volumetric

e 100

r./J-—,-l

Partide Size [pam)

—+— Mass
—&— Volumetric
Adjusted Volumetric

10 100
Particle Size [pam)

IL
Data

Comparison of
particle-size
distributions for
three sites with
a broad range of
percent finer
than 0.0625 mm
and
unmeasured
LISST-SL
fraction.

Provisional data
subject to revision




Deployment Experiences

* Pitot Tube

* Tall Fin Configuration




Summary

* VVolumetric concentration is a good surrogate
for mass concentration

* In-situ density measurement would be
beneficial

« Additional analysis of the existing particle
Size data Is needed






Estimation of suspended-sediment
concentration from down-looking acoustic
Doppler current profilers using an acoustic

backscatter calibration procedure and
MATLAB-based tool

Justin A. Boldt, Jonathan A. Czuba, Timothy D. Straub,
Christopher A. Curran, Ricardo N. Szupiany, and Kevin A. Oberg



NPCeP Cross Saeiler

GPSsignal—__

EXPLANATION
Velocity
BT N |

Slow<— Fast

St
ZUSGS



ViIssotulrl RivVar, St Crizirles Ve

%% Backscatter Contour1 - TRDI

=8 =B =<5
Backscatter [dB]

Average
—Hiver Depth Top @ Depth Bottom (@ Depth

'
81 104

F" | ! | W
-Jr‘ﬁvnw

112

Depth [ft]
é

17.25

ol Provisional data subject to revision :

B66 283 o
Length (Ref VTG) [fi]

High sediments

Nezu, |. and Nakagawa, H. (1993).
Turbulence in Open-Channel Flows,
IAHR Monograph. A.A. Balkema,
Rotterdam, The Netherlands, 281 pp.

Reattachment polnt Lung bed

F'gure 9.6 Large and energetic kolk-boils generated from the reattachment point of develop-
. ing dunes, (Iseya & lkeda 1986).
ZUSGS



@hanles; V©

Bottom @ Depth

Reattachment point lune bed
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%% Backscatter Contour1 - TRDI
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Provisional data subject to revision
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23.00*
1132 566

283
Length (Ref VTG) [fi]

High sediments

Nezu, |. and Nakagawa, H. (1993).
Turbulence in Open-Channel Flows,
IAHR Monograph. A.A. Balkema,
Rotterdam, The Netherlands, 281 pp.

Reattachment polnt Lung bed

i ing dunes, (Iseya & Ikeda 1986).
ZUSGS

F'gure 9.6 Large and energetic kolk-boils generated from the reattachment point of develop-
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m Results and Data Display



INPUTS

MATLAB-
based
tool _ .

Puyallup, WA 7/19/2011
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Concentration (mg/L)

*ziss  Provisional data subject to revision



B VT Stationary Add-in

Velocity Mapping Toolbox (VMT)

Stationary Add-in
v. 1.0 beta

Load Stationary Data | File loaded:

— Select method - Shear velocity (cmis)— — Bed shear stress (N/m*2)—

") Log law - bottom 50% Ensemble start | 2UCC
tauls:
) Log law - middle 50% taulka:
) Log law - top 50% Ensembie end tauOkaZ2:
§ tauOkb:
| Log law - entire profile au
taulkbz:
") Reynolds =hear stress (u'w’) D Force Fil taulg:

ADCP frequency —
() 600 kHz
() 1200 kHz
— Dashboard
Ho. of ens:
Ho. of bins:

Duration (sec):

Bin =ize (cm):

Froude No.:

Reynolds No.:

Equivalent bed roughness (m):
Friction coefficient 1:

Friction coefficient 2:

— Sediment Analysis

— Select plots

| setectan | | clear an [] Output KNL file (Google Earth)

[ ship track

|:| elpcity and backscatter time series

— Velocity.
— Turkulence:

|:| Depth-averaged streamwise velocity
|:| Normalized turbulence intensity
|:| Time-averaged velocity
|:| with semi-theoretical curves

|:| Time-averaged velocity with RMS
|:| Turbulence intensity ratios

Normalized veloci
D ty |:| with semi-theoretical curves

Cumulative U
D |:| Normalized turbulent kinetic energy

D Cumulative U at depths |:| with semi-theoretical curves

— Quadrant Analysis
|:| Quadrant plot

|:| Mo. events over depth

— Power Spectra

|:| u (ensemble averaged)
|:| w (ensemble averaged)
|:| u {contour)
|:| w [contour)

— Backscatter

|:| Time-averaged backzcatter — Reynolds Shear Stress

["] Depth-averaged backscatter [] Time-averaged Reynolds shear stress

|:| Contour plot with Q2 and Q4

|:| Shear velocity from uhw”

|:| Cross-correlation
|:| Time-averaged anisotropy

|:| Anisotropy ve streamwise velocity

Sediment Analysis

— Select an option

() Obtain a calibration

) Apply a calibration

S5C=10"a*5CHB + b)

— Inputs

Select beam(s)
Eche intensity scale factor:
Beam 1
Beam 2
Beam 3

Beam 4

() Topping & Wright

from

() Urick Sheng Hay

(7) Manual Input

alphasS:

— Sediment attenuation method

(0 = top, 100 = bottom})

Sediment density:

Mean sediment dia:

to

glem™3

microns

dB/m

Load SSC Data

Dashboard
alphali:

alphas:

— Select plots.

[7] mB,wcB 5CBvs R

[ log10(55C) va SCB

Plot

Export

[T calibrated S5C profile

|:| Calibrated SSC profile with range:

X5 Calibration




Sediment attenuation method
@ Topping & Wright
50

from 0 to

(0 = top, 100 = bottom)
Urick Sheng Hay

Sediment density:
Mean sediment dia:
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Kickapoo Creek near Bloomington, IL
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